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Description 

The present invention relates to optical alignment 
system applicable to an optical communication system 
or a laser machining apparatus and, more particularly, to 
optical alignment system for adjusting the optical axes 
of a plurality ot beams each having a different wave- 
length to a predetermined position. 

With optical alighment of the kind described, it is a 
common practice to adjust the positions of a laser, lens, 
mirrors and others at the stage of production so that the 
optical axis of a laser beam which is adapted for com- 
munication or machining may be aligned with a desired 
axis. For example, in a laser machining apparatus which 
uses a laser beam for machining a workpiece and a vis- 
ible probe beam for observing a point of the workpiece 
being machined and having a different wavelength from 
the machining beam, a lens, mirrors, beam splitter have 
to be so positioned as to bring the optical axes of the two 
beams into alignment and thereby to cause a point being 
observed into coincidence with a point being actually ma- 
chined. A problem heretofore pointed out is that the po- 
sitions of the optical axes of the machining and probe 
beams tend to deviate due to the movement of optics 
caused by temperature variation and aging, and due to 
distortion of a laser medium caused by heat, resulting in 
poor machining accuracy. 

Further, in the case of bidirectional optical commu- 
nication between satellites or between a satellite and a 
ground station which uses light beams of different wave- 
lengths as transmission signals, it is necessary that var- 
ious structural elements be positioned with considerable 
accuracy because the transmitting and receiving sta- 
tions are located at a considerable distance from each 
other. In this case, too, should the optical axis of a beam 
transmitted or that of a beam received be dislocated due 
to changes in the positions of a lens, mirrors and other 
optical elements installed in a satellite or in a ground sta- 
tion, communication would practically fail. 

Wescon Technical Papers, vol. 15, August 1971, 
pages 6/2.1 to 6/2.7, North Hollywood, CA, U.S.A., A.R. 
Kramer: "Acquisition arfa angle tracking of laser commu- 
nication links" discloses acquisition and tracking be- 
tween a SYNC satellite and a LEO satellite by using a 
beacon laser beam and a communication laser beam, 
respectively, which are transmitted to the other satellite. 
Thus, on both sides, the beam from other satellite is de- 
tected and the pointing/tracking positioner is controlled 
in accordance with the detected result. 

It is therefore an object of the present invention to 
provide an optical alignment system capable of automat- 
ically adjusting the axes of beams of different wave- 
lengths into a predetermined optical axis. 

This object is achieved with an optical alignment 
system acording to the claims. 

It is another advantage of the present invention to 
provide an optical alignment system which eliminates the 
need for operator's readjustment of optical axes. 



It is another advantage of the present invention to 
provide an optical alignment system capable of automat- 
ically correcting the shift of optical axes which is ascrib- 
able to the dislocation of a lens, mirror and other optical 
5 elements due to temperature variations and aging, and 
to the distortion of light sources due to heat. 

The present invention will be better understood from 
the following detailed description taken with the accom- 
panying drawings in which: 

10 

FIG. 1 is a schematic block diagram of a satellite 
communication system which the present invention 
is implemented with; 

FIG. 2 is a perspective view of a beam position sen- 
's sor shown in FIG. 1; 

FIG. 3 is a schematic block diagram of a specific 
construction ol a control circuit shown in FIG. 1 ; 
FIG. 4 is a schematic block diagram showing 
another specific construction of the control circuit; 
20 FIG. 5 is a schematic diagram of a driver illustrated 
in FIG. 1 together with a laser diode; 
FIG. 6 is a plot showing an output waveform of a 
semiconductor laser which is driven by the driver of 
FIG. 5. 

25 Fig. 7 is a block diagramm of a laser machining 
apparatus to which the present invention is applied; 
Fig. B is a plot showing an output signal waveform 
of an A-O modulator shown in Fig. 7. 

30 Referring to FIG. 1 of the drawings, an optical align- 
ment system of the present invention is implemented 
with bidirectional communication between geostationary 
satellite which are placed on orbits 50 - 80,000 Km dis- 
tant from each other. In the figure, portions other than 

35 those adapted for optical communication are omitted for 
clarity. 

As shown, the satellite 100 includes a data genera- 
tor 1 for generating a bit sequence of logical ONEs and 
ZEROS, or digital communication data, which occur at a 
40 bit rate of 50 Mb/s. A driver 2 provides a semiconductor 
laser with a driving current which contains a component 
obtained by amplitude-modulating the bit sequence with 
an analog signal having a frequency f-, (for example, 1 
KHz) lower than the bit rate of the bit sequence. The sem- 
45 iconductor laser 3 which is included in an optical trans- 
mitter converts the driving current into a sequence of op- 
tical signals which includes a frequency component f v 
The lasing wavelength of the laser is, say, 0.83 urn The 
optical transmitter 3 also includes transmit optics for con- 
50 verting the laser beam into a parallel beam. The refer- 
ence numerals 4 and 5 designate respectively a dichroic 
mirror and an optical receiver. The dichroic mirror 4 re- 
flects and converts the parallel beam into a beam a 
(dashed line) toward the satellite 200. A beam b (solid 
5£ line) from the satellite 200 having a wavelength of 0.78 
Urn is almost completely transmitted by the dichroic mir- 
ror 4 to reach the receiver 5 which transforms the re- 
ceived beam into an electrical signal, then detects com- 
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munication data, and then processes the data. 

The satellite 200 includes a data generator 6 for gen- 
erating communication data to be transmitted to the sat- 
ellite 100 and having a bit rate of 50 Mb/s. A driver 7 
perform similar functions to the driver 2 of the satellite 
100. The driver 7 drives a semiconductor laser with a 
driving current containing an amplitude-modulated bit 
sequence which is produced by amplitude-modulating a 
bit sequence of 50 Mb/s with an analog signal of frequen- 
cy f 2 , say, 1 0 KHz, which is higher than the frequency f 1 . 
The semiconductor laser included in an optical transmit- 
ter B generates a sequence of optical signals which con- 
tain a component having the frequency f 2 . The laser las- 
es at a wavelength of 0.78 u.m. Also included in the sat- 
ellite 200 are XYdriven mirrors 9 and 1 1 , a dichroic mirror 

10 functioning to multiplex two beams together with a 
corner cube 12 and a dichroic mirror 13, and an optical 
receiver 1 7 for detecting communication data out of a 
laser beam which is emitted from the satellite 100. Fur- 
ther included in the satellite 200 are a beam position sen- 
sor 14 and control circuits 15 and 16 which serve to au- 
tomatically control the axes of the beam a (dashed line) 
from the satellite 100 and that of the transmit beam b 
(solid line) to the center of the sensor. 

Although Fig. 1 contains a block 20 named a point 
ahead circuit, the circuit is not needed for geostationary 
satellites and will be explained later in the case in which 
one satellite is moving relatively to the other. 

In the satellite 200, the beam b from the transmitter 
8 is routed through the mirror 9, dichroic mirror 10, mirror 

11 to dichroic mirror 4 and the receiver 5 in satellite 100. 
At the same time, a part of the beam b passed through 
the dichronic mirror 1 0 is reflected by a reflector (comer 
cube mirror) 12 and the dichroic mirror 10 and then 
passed through the dichroic mirror 1 3 to reach the beam 
position sensor 14. On the other hand, the output beam 
a of the transmitter 3 which consists of a sequence of 
optical signals including a component of frequency f, is 
routed through the dichroic mirror 4, mirror 11 and dich- 
roic mirrors 1 0 and 1 3 to be incident partly to the beam 
position sensor 14 and partly to the receiver 17. 

The dichroic mirror 1 0 reflects 99.5% of the beam b 
which is outputted by the transmitter B and has a wave- 
length of 0.78 urn while passing the remaining 0.5%. The 
dichroic mirror. 10 passes almost all the beam a having 
the wavelength of 0.83 urn which is reflected by the mir- 
ror 11 while reflecting all the beam from the reflector 12. 
Further, the dichroic mirror 13 transmits almost all the 
beam b from the transmitter 8, transmits 20% of the 
beam a, and reflects 80% of the beam a toward the re- 
ceiver 17. For details of such dichroic mirrors, a refer- 
ence may be made to William L Gasey "Design of a wide- 
band free-space lasercom transmitter", SPIE Vol. 616, 
Optical Technologies for Communication Satellite Appli- 
cations, 1 986. 

Referring to FIG. 2, a specific construction of the 
beam position sensor 14 is shown. As shown, the beam 
position sensor 14 is constituted by a convex lens 141 



for transforming an incidence angle of a beam into a po- 
sitional displacement of a focus point, a quartered 
beam-sensitive device 142 which is implemented with 
four silicon photodiodes for converting beam positions 

s into electrical signals associated with the X and Y coor- 
dinates. Specifically, the beam-sensitive device 142 has 
four beam-sensitive areas which are defined such that 
the borders of nearby areas are each inclined 45 degrees 
relative to the X and Y coordinates. When a light beam 

10 is incident to the center of the X and Y coordinates, the 
output signals X + , X~, Y + and Y - of the beam-sensitive 
device 1 42 are equal to each other. Assume that, due to 
a deviation of the light beam a which is emitted from the 
satellite 100 toward the satellite 200, the optical axis of 

is the beam a is dislocated from the center of the X and Y 
coordinates of the light-sensitive device 142. Then, the 
output signals X+, X~, Y + , Y~ associated with the beam 
a which includes the component having the frequency of 
t,, changes in their intensity according to the displace- 

20 ment from the center of the X, Y coordinates. The control 
circuit 15 extracts through filters components of frequen- 
cy f 1 from the output signal X + , X - , Y + , Y~ and controls 
the mirror 11 through a mirror driver so that the axis of 
the beam a is coincident with the center of the X, Y co- 

25 ordinates. Similarly, the control circuit 16, mirror driver 
1 9 and mirror 9 cooperate to control the axis of the beam 
b which is outputted by the transmitter 8. In the case that 
the beams a and b are simultaneously incident to the 
beam position sensor 14 and are different in intensity by 

30 more than 20 dB, it is difficult to detect a signal frequency 
component associated with one beam which is less in- 
tensive than the other out of the outputs of the sensor 
14. In such a case, the beam having a greater intensity 
than the other has to be attenuated by an optical atten- 
ds uator. 

By the control described above, the optical axes of 
the beams a and b from the transmitters 3 and 8 are in- 
dividually aligned with the center of the X and Y coordi- 
nates of the beam position sensor 14 so that the two 
40 beams a and b are efficiently incident to light-sensitive 
areas of light-receiving elements of the receivers 5 and 
17. 

Referring to FIG. 3, a specific construction of the 
control circuit 15 of FIG. 1 is shown and includes 

45 band-passfiltars(BPFs)51 to 54. The four output signals 
X + , X- Y+ and Y- of the beam position sensor 14 are 
respectively applied to the BPFs 51 to 54 which are 
adapted to extract the frequency f 1 component (1 KHz) 
of the signal sequence of the beam a. A subtractor 55 

so produces an X-axis control signal which is representative 
of a difference between the X + and X" signals while a 
subtractor 56 produces a Y-axis control signal which is 
representative of a difference between the Y+ and Y- sig- 
nals. The X-axis and Y-axis control signals are fed to the 

55 mirror driver 18. In response, the driver 18 adjusts the 
angular position of the mirror 1 1 in the X and Y directions 
so that the X, Y-axes control signals are zero. It is to be 
noted that such rotating directions of the mirror are indi- 
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vidually coincident with the X- and Y-axis of the beam 
position sensor 14. 

Subtracters 55' and 56' will be described later with 
the embodiment relating to the point ahead circuit. 

FIG. 4 shows another specific construction of the 
control circuit 15 in which the subtractors 55 and 56 of 
FIG. 3 are replaced with subtractors 57 and 58, an adder 
59, and dividers 60 and 61 . The subtracter 57 subtracts 
an output of the BPF 52 from that of the BPF 51 while 
the subtractor 58 subtracts an output of the BPF 54 from 
that of the BPF 53. The adder 59 sums outputs of the 
BPFs 51 to 54. The divider 60 divides an output of the 
subtractor 57 by that of the adder 59 while the divider 61 
divides an output of the subtractor 58 by that of the adder 
59. Hence, an X-axis and a Y-axis control signal are re- 
spectively outputted by the dividers 60 and 61 which nor- 
malize the difference signals (X+ - X") and (Y+ - Y") as- 
sociated with the frequency f., component by the sum of 
the f-, component signals X\ X - , Y + and Y - , which are 
respectively outputted by the BPFs 51 to 54. This sup- 
presses fluctuation of the X- and Y-axis control signals 
which is ascribable to the change in the power of the sen- 
sor 1 4. 

It is to be noted that the control circuit 1 6 is construct- 
ed in exactly the same manner as the control circuit 15 
except that the passband of its BPFs 51 to 54 is f 2 (= 1 0 
KHz), Also, the mirror 9 is driven in the same manner as 
the mirror 11. 

As described above, the satellite 200 controls the 
mirrors 9 and 11 to bring the beams a and b into align- 
ment with the center of the X and Y axes of the beam 
position sensor 14. Hence, when the beam a from the 
geostationary satellite 1 00 is deviated from the center of 
the sensor 14 due to dislocation of the satellite 100, the 
mirror 11 is controlled until the deviation of the beam a 
becomes zero. As a result, the optical axis of the beam 
b from the transmitter 8 is aligned with that of the beam 
a which is emitted by the satellite 100, allowing bidirec- 
tional communication to be effected. Further, even if the 
optical axes of the beams a and b are dislocated due to 
the movement of dichroic mirrors 4, 1 0 and 1 3 which may 
be caused by temperature variations and aging, the dis- 
location is immediately sensed by the sensor 1 4 so that 
the mirrors 9 and 1 1 are controlled to effect optical align- 
ment. 

The mirrors 9 and 11 which are shown in FIG. 1 as 
comprising a single mirror each may be implemented 
with an X-axis and a Y-axis galvanometer type mirror 
which are driven by an X-axis and a Y-axis drive signal, 
respectively. Further, the frequencies of t, andf 2 respec- 
tively assigned to the signal sequences of the beams a 
and b and the specific wavelengths of the laser diodes 
are only illustrative and not restrictive, 

Referring to FIG. 5, there is shown a specific con- 
struction of the drivers 2 and 7 together with a laser di- 
ode. In the figure, transistors 21 and 22 are interconnect- 
ed at their emitters. A laser diode 30 is connected to the 
collector of the transistor 21 , 50 Mb/s communication 



data are fed to the base of the transistor 21 , and a refer- 
ence voltage V ref is applied to the base of the transistor 
22. A 1 or 10 KHz analog signal (sinusoidal wave) is fed 
to the base of a transistor 23 depending upon the optical 

s transmitters 3 or 8. The bias current of the laser diode is 
set at a threshold and is supplied to the laser diode to- 
gether with the pulse current of the 50 Mb/s communi- 
cation data. The analog signal gives a change of ampli- 
tude of about 5 to 10% to the communication data. The 

io optical output waveform of the laser diode 30 is shown 
in FIG. 6. 

While the satellite 200 of FIG. 1 has only a single 
optical transmitter, it may have two or more optical trans- 
mitters on condition that beams issuing from the individ- 

»5 ual transmitters are different from each other with re- 
spect to wavelength and are modulated by different fre- 
quencies from each other. Further, in such a multiple 
transmitter scheme, extra control circuits are needed at 
the output side of the beam position sensor 14 to extract 

20 frequency components which are included in the signal 
sequences of the respective beams, so that the X and Y 
driven mirrors may be controlled by an X and a Y drive 
signal to align the optical axes of beams from the trans- 
mitters with the center of the sensor 1 4. 

25 Although both the satellites 1 00 and 200 have been 
assumed to be stationary, one of them may be moving 
with respect to the other or even be replaced with a earch 
station. 

In the case the satellite 100 moves with respect to 

30 the geosynchronous satellite 200. The point-ahead cir- 
cuit 20 in Fig. 1 and subtractors 55' and 56' in Fig. 3 are 
used. Such a relative movement requires the light beam 
b to be pointed ahead to reach the optical receiver of the 
moving satellite 100. (A point-ahead effect is describod 

35 in Kim A. Winick "Atmospheric turbulence-induced sig- 
nal fades on optical heterodyne communication links", 
APPLIED OPTICS, Vol. 25, No. 11, 1 June 1986, pp. 
1817 - 1825, particularly page 1823 and Fig. 6.) The 
point-ahead circuit 20 outputs the point-ahead signals 

40 Xq, Y 0 to the subtractors 55' and 56', respectively. The 
subtractor 55' subtracts the signal Xq from the output of 
the subtractor 55. The subtractor 56' subtracts the signal 
Y 0 from the output of the subtractor 56. Then, the X Y 
driven mirror 9 is controlled by the mirror driver 19 so 

45 that the X and Y axes control signals from the subtractors 
55', 56' are zero. The signals Xq, Y 0 are determined ac- 
cording to the moving speed and direction of the satellite 
100. Therefore, the beam b from the satellite 200 is 
moved by the mirror 9 so that the beam b can be received 

50 by the receiver 5 in the satellite 100. When the outputs 
of the subtractors 55', 56' are zero, the beam b is no long- 
er received on the center of the X, Y coordinates of the 
sensor 14, but is directed to be received at a first refer- 
ence position on the sensor 14. In this case, the driven 

55 mirror 1 1 is controlled so that the beam a from the mov- 
able satellite 1 00 is received on the center of the X, Y 
coordinates, which is a second reference position. 
Although, in the above-mentioned bidirectional com- 
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munication system, the satellite 100 does not incorpo- 
rate such an optical alignment system as built in the sat- 
ellite 200, the satellite 100 may be equipped with the sim- 
ilar optical alignment system. 

Referring to FIG. 7, a laser machining apparatus to 
which another embodiment of the present invention is 
applied is shown. As shown, the optical alignment sys- 
tem installed in the laser machining apparatus includes 
a helium-neon (He-Ne) laser 21 for emitting a visible la- 
ser beam which is adapted to observe a point of a work- 
piece 28 being machined, i.e., probe beam d, a yttrium 
aluminum garnet (YAG) laser 24 for emitting a laser 
beam which is adapted to machine the workpiece 28, i .e., 
machining beam c, and a beam position sensor 30 for 
sensing the optical axes of the probe beam d and ma- 
chining beam c. The He-Ne laser 21 lases a CW beam 
whose wavelength and output are 0.63 u.m and 10 mW, 
respectively. On the other hand, the YAG laser 24 lases 
a CW beam whose wavelength and output are 1 .06 u.m 
and 20 W, respectively. 

The beam c from the YAG laser 24 is reflected by 
an X-Y driven mirror 34 and an dichroic mirror 25, then 
passed through dichroic mirrors 26 and 29, and then con- 
verged by a lens 27 onto the workpiece 28. The beam 
from the He-Ne laser 21 is modulated by an acousto-op- 
tic (A-O) modulator 22 to generate the probe beam d. 
This probe beam d is reflected by an X-Y driven mirror 
23, then passed through the dichroic mirror 25 and dich- 
roic mirrors 26 and 29, and then converged by the lens 
27 onto the same point of the workpiece 28 as the ma- 
chining'bsam c. The probe beam d reflected by the work- 
piece 28 is reflected by the dichroic mirror 29 via the lens 
27 to allow the surface of the workpiece 28 being ma- 
chined to be observed by a device, not shown. 

The dichroic mirror 26 reflects a part of the machin- 
ing beam c and probe beam d. The beams reflected by 
the mirror 26 are incident to the beam position sensor 30 
and thereby converted into an electrical signal. Again, 
the beam position sensor 30 is implemented with a con- 
verging lens and a quartered light-sensitive device, as 
shown in FIG. 2. Control circuits 31 and 32 also control, 
respectively, mirror drivers 33 and 35 and thereby the 
mirrors 34 and 23 in response to output signals of the 
sensor 30, so that the optical axes of the laser beams c 
and d may individually be aligned with the center of the 
X and Y axes of the light-sensitive device of the sensor 
30. 

The A-O modulator 22 includes a circuit for super- 
posing a 10 KHz sinusoidal wave on a rectangular wave 
having repetition frequency of 20 MHz so as to produce 
a signal which is shown in FIG, 8. The output of this circuit 
is fed to a transducer of an acousto-optic device which 
then produces the probe beam d associated with the sig- 
nal waveform of FIG. 8. Since the construction of the A-O 
modulator 22 is well known in the art, details thereof will 
not be described to avoid redundancy. 

The control circuit 32 of FIG. 7 has the same con- 
struction as the control circuit shown in FIG. 4 except 



that the passband of its BPFs 51 to 54 is 10 KHz, i.e. the 
frequency component of the signal of the probe beam d. 
The control circuit 31 is constituted by replacing the 
BPFs 51 to 54 with a DC smoother which is responsive 

s to the component associated with the continuous laser 
beam c. In this instance, although the output of the DC 
smoother would include a detected signal component of 
the probe beam d, such a component would be tar small- 
er than the detected signal component of the machining 

io beam c and therefore negligible. It follows that the X-axis 
and Y-axis control signals appearing on the outputs of 
the control circuits 31 and 32, respectively, are variable 
on the basis of the deviations of the machining beam c 
and probe beam d in the X and Y directions relative to 

is the sensor 30. The mirrors 34 and 23 are respectively 
driven by the mirror drivers 33 and 35 until the deviations 
of the beams c and d become zero. 

In summary, it will be seen that the present invention 
provides optical alignment system capable of controlling 

20 the optical axes of a plurality of beams each having a 
different wavelength into alignment with a predetermined 
optical axis or axes. Since such alignment is performed 
constantly and automatically, costs necessary for the 
maintenance and inspection, i.e., readjustment of optical 

25 axes and others are reduced. 



Claims 

so 1 . optical alignment system comprising: 

first and second light source means (3, 8, 21, 
24) for emitting, respectively, first and second 
light beams each having a different wavelength; 
35 first and second modulating means (3, 8, 21 , 24) 

for modulating said first and second light source 
means, respectively; 

optical beam multiplexer means (4, 10, 11, 12) 
for multiplexing said first light beam and said 

40 second light beam; 

beam position sensor means (1 4, 30) for receiv- 
ing said first and second light beams from said 
multiplexer means to produce electrical signals 
which are representative of information with 

45 respect to actual positions on said beam posi- 

tion sensor means; 

first and second control means (15, 16, 31 , 32) 
for producing a first and second control signal 
from said electrical signals; and 

50 beam adjusting means (18, 19, 33, 35) for 

adjusting optical axes of said first optical beam 
and said second optical beam in response to, 
respectively, said first control signal and said 
second control signal, characterized in that 

55 said first and second modulating means (3, 8, 

21, 24) modulate said first and second light 
beams with first and second modulating signals 
respectively, at different respective frequencies, 
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said first and second control means extract, 
respectively, said first and second modulating 
signals, which are simultaneously outputted by 
said beam position sensor means and which are 
proportional to the differences, respectively, of 
the actual positions, on the beam position sen- 
sor means, to which the first and second light 
beams are simultaneously incident, with refer- 
ence to predetermined first and second refer- 
ence positions, and 

the adjustment performed by the beam adjust- 
ing means is continued until the first and second 
light beams become incident on the first and 
second reference positions, respectively. 

2. Optical alignment system as claimed in claim 1, 
wherein said first and second modulating means (3, 
8, 21 , 24) modulate said first light beam and said 
second light in amplitude modulation manner. 

3. Optical alignment system as claimed in claim 1, 
adapted to a communication system including two 
stations (100, 200), characterized in that 

said beam position sensor means (14), said 
first and second control means (15, 16) and said 
beam adjusting means (18, 19) are together 
arranged in one of said two stations. 



Patentanspruche 

1 . Optisches Ausrichtungssystem mil: 

einer ersten und einer zweiten Lichtquellenein- 
richtung (3, 8, 21, 24) zum Emittieren eines 
ersten bzw. eines zweiten Lichtstrahls mit einer 
jeweils anderen Wellenlange; 
einer ersten und einer zweiten Modulationsein- 
richtung (3, 8, 21, 24) zum Modulieren der 
ersten bzw. der zweiten Lichtquelleneinrich- 
tung; 

einer optischen Strahlmultiplexereinrichtung (4, 
10, 11, 12)zumMultiplexierendes ersten Licht- 
strahls und das zweiten Lichtstrahls; 
einer Strahlpositionssensoreinrichtung (14, 30) 
zum Empfangen des ersten und des zweiten 
Lichtstrahls von der Multiplexereinrichtung, urn 
elektrische Signale zu erzeugen, die Informatio- 
nen in bezug auf tatsachliehe Positionen an der 
Strahlpositionssensoreinrichtung darstellen; 
einer ersten und einer zweiten Steuereinrich- 
tung(15, 16, 31, 32) zum Erzeugen eines ersten 
und eines zweiten Steuersignals aus den elek- 
trischen Signalen; und 

einer Strahlausrichteinrichtung (18, 19, 33, 35) 
zum Ausrichten von optischen Achsen des 
ersten optischen Strahls und des zweiten opti- 
schen Strahls als Antwort auf das erste Steuer- 



signal bzw. das zweite Steuersignal, dadurch 
gekennzeichnet, daB 

die erste und die zweite N/lodulationseinrichtung 
(3, 8, 21 , 24) den ersten und den zweiten Licht- 

5 strahl mit dem ersten bzw. dem zweiten Modu- 

lationssignal mit verschiedenen entsprechen- 
den Frequenzen modulieren, 
die erste und die zweite Steuereinrichtung das 
erste bzw. das zweite Modulationssignal extra- 

io hieren, die gleichzeitig von der Strahlpositions- 

sensoreinrichtung ausgegeben werden und die 
jeweils proportional den Differenzen der tat- 
sachlichen Positionen auf der Strahlpositions- 
sensoreinrichtung sind, auf die der erste und 

'5 der zweite Lichtstrahl gleichzeitig einfallen, und 

zwar mit Bezug auf die vorbestimmte erste und 
zweite Referenzposition, und 
die Ausrichtung, die von der Strahlausrichtein- 
richtung durchgefuhrt wird, fortgesetzt wird, bis 

20 der erste und der zweite Lichtstrahl auf die erste 

bzw. die zweite Referenzposition einfallen. 

2. Optisches Ausrichtungssystem nach Anspruch 1, 
wobei die erste und die zweite Modulationseinrich- 

25 tung (3, 8, 21, 24) den ersten Lichtstrahl und den 
zweiten Lichtstrahl mit Amplitudenmodulation 
modulieren. 

3. Optisches Ausrichtungssystem nach Anspruch 1, 
30 das fur ein Ubertragungssystem mit zwei Stationen 

(100, 200) geeignet ist, dadurch gekennzeichnet, 
da3 

die Strahlpositionssensoreinrichtung (14), die 
erste und die zweite Steuereinrichtung (15, 16) und 
3S die Strahlausrichteinrichtung (18, 19) in einer der 
beiden Stationen zusammen angeordnet sind. 



Revendlcatlons 

40 

1 . Systeme d'alignement optique comprenant : 

des premier et second moyens de source lumi- 
neuse (3, 8, 21 , 24) pour emettre, respective- 
45 ment, des premier et second faisceaux lumi- 

neux ayant chacun une longueur d'onde 
differente ; 

des premier et second moyens de modulation 
(3, 8, 21 , 24) pour moduler lesdits premier et 
so second moyens de source lumineuse, 

respectivement ; 

des moyens optiques multiplexeurs de fais- 
ceaux (4, 10, 11, 12) pour multiplexer ledit pre- 
mier faisceau lumineux et ledit second faisceau 
55 lumineux ; 

des moyens capteurs de position de faisceau 
(1 4, 30) pour recevoir lesdits premier et second 
faisceaux lumineux desdits moyens multi- 
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plexeurs afin de produire des signaux electri- 
ques qui sont representatifs d'informations rela- 
tives aux positions effectives sur lesdits moyens 
capteurs de position de faisceau ; 
des premier et second moyens de commande 5 
(15, 16, 31, 32) pour produire un premier et un 
second signal de commande a partir desdits 
signaux electriques ; et, 
des moyens d'ajustement de faisceau (18, 19, 
33, 35) pour ajuster les axes optiques dudit pre- 10 
mierfaisceaulumineuxetdudit second faisceau 
lumineux en reponse, respectivement, audit 
premier signal de commande et audit second 
signal de commande, 

caracterise en ce que » 5 
lesdits premier et second moyens de modula- 
tion (3, 8, 21, 24) modulent lesdits premier et 
second faisceaux lumineux avec des premier et 
second signaux de modulation, respective- 
ment, a des frequences respectives differentes, 20 
lesdits premier et second moyens de com- 
mande extraient, respectivement, lesdits pre- 
mier et second signaux de modulation, qui sont 
simultanement sortis par lesdits moyens cap- 
teurs de position de faisceau et qui sont propor- 25 
tionnels aux differences, respectivement, des 
positions effectives, sur les moyens capteurs de 
position de faisceau, sur lesquels les premier et 
second faisceaux lumineux sont simultanement 
incidents, en reference a des premiere et 30 
' seconde positions de reference predetermi- 
nes, et 

I'ajustement execute par les moyens d'ajuste- 
ment de faisceau est poursuivi jusqu'a ce que 
les premier et second faisceaux lumineux 35 
deviennent incidents sur les premiere et 
seconde positions de reference, respective- 
ment. 

2. Systeme d'alignement optique selon la revendica- 40 
tion 1 , dans lequei lesdits premier et second moyens 

de modulation (3, 8\ 21, 24) modulent ledit premier 
faisceau lumineux et ledit second faisceau lumineux 
par modulation d'amplitude. 

* s 

3. Systeme d'alignement optique selon la revendica- 
tion 1, adapte a un systeme de communication 
incluant deux stations (1 00, 200), caracterise en ce 
que 

lesdits moyens capteurs de position de fais- so 
ceau (14), lesdits premier et second moyens de 
commande (15, 16) et lesdits moyens d'ajustement 
de faisceau (18, 19) sont disposes ensemble dans 
I'une desdites deux stations. 
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